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Histone H3 Lys 4 methylation (H3K4me) is deposited
by the conserved SET1/MLL methyltransferases
acting in multiprotein complexes, including Ash2
and Wdr5. Although individual subunits contribute
to complex activity, how they influence gene expres-
sion in specific tissues remains largely unknown.
In Caenorhabditis elegans, SET-2/SET1, WDR-5.1,
and ASH-2 are differentially required for germline
H3K4 methylation. Using expression profiling on
germlines from animals lacking set-2, ash-2, or
wdr-5.1, we show that these subunits play unique
as well as redundant functions in order to promote
expression of germline genes and repress somatic
genes. Furthermore, we show that in set-2- and
wdr-5.1-deficient germlines, somatic gene misex-
pression is associated with conversion of germ
cells into somatic cells and that nuclear RNAi acts
in parallel with SET-2 andWDR-5.1 tomaintain germ-
line identity. These findings uncover a unique role
for SET-2 andWDR-5.1 in preserving germline plurip-
otency and underline the complexity of the cellular
network regulating this process.
INTRODUCTION
Methylation ofH3K4at promoters of actively transcribed genes is
catalyzed by the conserved class of SET1/MLL histone methyl-
transferases (HMTs) acting in multiprotein complexes that share
common subunits, including WDR5 and ASH2 (Eissenberg and
Shilatifard, 2010). While in yeast SET1 is solely responsible for
all H3K4 methylation, in mammalian cells SET1A and SET1B
and four mixed-lineage leukemia (MLL)-family HMTs (MLL1–4)
have been characterized, suggesting complex regulation in
higher eukaryotes. In addition, ASH2, WDR5, and RBBP5 have
been identified in complexes in the absence of SET1- or MLL-
related proteins, further adding to this complexity (Dehe´ et al.,
2006; Patel et al., 2009; Steward et al., 2006).CH3K4 can be mono- (me1), di- (me2), or trimethylated (me3),
with H3K4me3 enrichment found near active promoters and
H3K4me2/1 found at both promoter and enhancer regions (Bern-
stein et al., 2005; Heintzman et al., 2007). While SET1A/SET1B
catalyze the majority of H3K4me3, MLL1/2 maintain H3K4me3
at discrete genomic sites andMLL3/4 catalyze H3K4me1 (Bhag-
wat and Vakoc, 2014). How H3K4 methylation contributes to
transcription is poorly understood. H3K4me3 correlates with
transcriptional activation and is coupled to the activities of
other chromatin-modifying enzymes (Eissenberg and Shilatifard,
2010). However, impairment of H3K4 methylation results in
minimal transcriptional effects (Jiang et al., 2011; Lenstra et al.,
2011), and transcriptional activation can occur in its absence
(Ho¨dl and Basler, 2012). More recently, it has been shown
that in yeast, H3K4 methylation can also repress gene expres-
sion through antisense transcription (Margaritis et al., 2012; Pin-
skaya and Morillon, 2009). Dynamic changes in H3K4me2 and
H3K4me3 are observed during cellular reprogramming, both as
part of a global early response in the absence of transcriptional
activation as well as on activated pluripotency-associated tar-
gets (Gaspar-Maia et al., 2011; Koche et al., 2011). H3K4me3
methylation is also part of a bivalent chromatin mark that typifies
poised developmental genes in embryonic stem cells (Voigt
et al., 2013). Altogether, these data suggest that direct tran-
scriptional regulation may not be the primary function of H3K4
methylation.
C. elegans contains one SET1 protein (SET-2), one MLL-like
protein (SET-16), and a single homolog of ASH2. Of the three
WDR5 homologs, only WDR-5.1, most closely related to human
WDR5, is required for H3K4 methylation (Li and Kelly, 2011; Xiao
et al., 2011). We and others have previously shown that SET-2
and ASH-2 are differentially required for global H3K4methylation
in embryos and adult germ cells (Li and Kelly, 2011; Xiao et al.,
2011), consistent with diverse H3K4 HMT complexes and
methylation states playing distinct roles during development
(Bledau et al., 2014; Eissenberg and Shilatifard, 2010). Both
set-2 and wrd-5.1 are required for the maintenance of the germ-
line stem cell population, and their absence results in a temper-
ature-sensitive, progressive sterility over generations (Li and
Kelly, 2011; Simonet et al., 2007; Xiao et al., 2011), a phenotype
not associated with ash-2 loss of function. In this paper, weell Reports 9, 443–450, October 23, 2014 ª2014 The Authors 443
sought to gain insight into how SET-2, WDR-5.1, and ASH-2
contribute to germline maintenance through expression profiling
of dissected germlines from animals lacking set-2, wdr-5.1, or
ash-2. Our data are consistent with these three subunits cooper-
ating to promote gene expression but also having additional
unique regulatory functions. Most importantly, our results show
that set-2,wdr-5.1, and ash-2 are required to repress expression
of somatic genes in the germline. Ectopic expression of somatic
genes in set-2 and wdr-5.1 mutant germlines is associated
with conversion of germ cells into neuronal and muscle cells.
We further show that the nuclear RNAi pathway acts in parallel
to SET-2 and WDR-5.1 to maintain germline identity. Our find-
ings identify SET-2, WDR-5.1, and H3K4 methylation as impor-
tant regulatory elements in maintaining expression of germline
genes, repressing somatic genes, and preserving germline
pluripotency.
RESULTS
SET-2, WDR-5.1, and ASH-2 Differentially Contribute to
Gene Expression in the C. elegans Germline
Transcriptomic analysis was carried out on dissected gonads
from fertile set-2,wdr-5.1, and ash-2 loss-of-function (lf) mutants
grown at 20C, focusing our analysis on genes regulated at least
2-fold (p % 0.05; Figures 1A and S1; Table S1). In all three
mutant backgrounds, significant numbers of down- and upregu-
lated targets were found. For set-2 and wdr-5.1 germlines, 87%
(444/509) and 73% (461/628) of misregulated genes, respec-
tively, were upregulated, consistent with a predominant role in
gene repression. By contrast, in ash-2 germlines, approximately
the same number of genes was up- and downregulated (136 and
167, respectively). set-2-upregulated genes showed an 8%
overlap with wdr-5.1 and ash-2 upregulated genes, whereas
downregulated genes showed a 30% overlap with wdr-5.1 and
ash-2 downregulated genes (Figure 1B; Table S2). Therefore,
SET-2, WDR-5.1, and ASH-2 have a common role in regulating
the expression of a subset of target genes. However, the high
percentage of remaining, nonoverlapping genes (92% and
70%, respectively), suggests that these subunits also play signif-
icant regulatory roles independently of one another. Pairwise
comparison of upregulated genes further showed that 44% of
set-2 target genes overlap with wdr-5.1, while only 14% overlap
with ash-2 targets. Therefore, SET-2 appears to play a repressive
role in common with WDR-5.1 and mostly independently of
ASH-2.
SET-2 and WDR-5.1 Act in the Germline to Promote
Expression of Genes Associatedwith Germline Function
and Repress Expression of Somatic Genes
Next, we sorted misregulated genes into ‘‘ubiquitous,’’ ‘‘germ-
line-expressed,’’ and ‘‘germline-specific’’ categories according
to their expression pattern in serial analysis of gene expression
(SAGE) studies (Meissner et al., 2009; Wang et al., 2009) (Figures
1C and 1D). For downregulated targets, germline-expressed
genes were significantly overrepresented in the wdr-5.1 data
set (p = 13 103), and germline-specific genes overrepresented
in both set-2 and wdr-5.1 data sets (p = 3 3 105 and 3.3 3
1014, respectively). Therefore, SET-2 and WDR-5.1 promote444 Cell Reports 9, 443–450, October 23, 2014 ª2014 The Authorsthe expression of a small number of germline-expressed genes
(Table S3). For genes upregulated in set-2, wdr-5.1, and ash-2
mutant germlines, both ubiquitous and germline-expressed
genes were underrepresented (Figure 1D). Further comparison
with an assembled list of 3,986 ‘‘soma-specific’’ genes repre-
sented by at least three SAGE tags in muscle, neurons, or intes-
tine, but absent from dissected gonads, showed that a majority
of genes upregulated in set-2, wdr-5.1, and ash-2 mutant germ-
lines are expressed in somatic tissue (Figures 1E and S1D). Gene
ontology (GO) analysis (Figure S1E) further showed that genes
related to neuronal function were significantly overrepresented
in the set-2 and wdr-5.1 lists, while for genes commonly regu-
lated in the absence of any two subunits, or of the three subunits
together, no enrichment in any specific GO term was observed.
Altogether, these results point to a requirement for SET-2,
WDR-5.1, and ASH-2 in preventing ectopic expression of so-
matic genes in the C. elegans germline.
Somatic Cell Fate Conversion in the Absence of H3K4
Methylation
Loss of germline H3K4 methylation in both set-2(lf) and wdr-
5.1(lf) animals is associated with a temperature-sensitive pro-
gressive sterility, known as the mortal germline (Mrt) phenotype
(Li and Kelly, 2011; Simonet et al., 2007; Xiao et al., 2011). In
the gonad of set-2(lf) animals nearing sterility at 25C, many
nuclei lost the typical ‘‘fried-egg shape’’ and were instead
smaller with a granular nucleoplasm, resembling neuronal cells
(Figure 2A) (Ciosk et al., 2006). Antibody staining showed that
germline-specific P granules (Strome and Wood, 1982), which
are present in wild-type and fertile set-2 animals at 20C, are
lost in late-generation set-2 mutant germlines at 25C (Figures
2B and S2A).
To further investigate somatic conversion of germ cells lacking
set-2, we used an unc-119::GFP transgenic reporter uniquely ex-
pressed in multiple neurons in wild-type animals (Ciosk et al.,
2006) and antibodies specifically recognizing muscle cells. We
observed that a subset of the abnormal nuclei in set-2 mutant
germlines expressed the unc-119::GFP reporter, the body wall
muscle marker UNC-120 (a MADS box factor), or myosin (Fig-
ures 2C, 2D, and S2B). unc-119::GFP expression was often
observed in cells with extensions resembling axodendritic pro-
jections (Figure 2C). Only 18% (4/22) of germlines expressing
neuronal GFP also expressed UNC-120, while all germlines ex-
pressing UNC-120 were also positive for neuronal GFP. By
contrast, ELT-2, a marker of intestinal differentiation, was not
observed in either neuronal GFP-expressing (n = 30) or nonex-
pressing (n = 32; Figure S2C) germlines. Altogether, these results
show that set-2(lf) germlines have acquired somatic cell fate and
suggest that conversion into neuronal cell fate may be more
easily achieved than other somatic fates (Patel et al., 2012).
To ask whether germ cell conversion in set-2 andwdr-5.1mu-
tants correlates with loss of germ cell immortality, we carried out
transgenerational analysis of unc-119::GFP germline expression
at 25C. In early generations (F1 or F2, Table 1), when set-2(lf) an-
imals are still fertile, most germlines did not express GFP (Fig-
ure S2D). This number strongly increased in the F3 generation,
at the onset of sterility. Similar result were obtained in wdr-
5.1(lf) animals, but not set-2(ok952) animals, in which H3K4
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Figure 1. Microrarray Analysis of set-2, wdr-5.1, and ash-2 Mutant Germlines
(A) Volcano plots showing log2 of fold change in expression between mutants and wild-type (WT) plotted against statistical significance (log10 p value) for all
probes on the microarray. Blue lines mark the significance cutoff of p = 0.05, and red lines indicate 2-fold up- or downregulation.
(B) Venn diagram of the overlap among set-2, wdr-5.1, and ash-2 downregulated (left) and upregulated (right) target genes.
(C and D) Expected and observed number of genes in ubiquitous, germline-expressed, and germline-specific categories among genes downregulated (C) and
upregulated (D) in set-2(lf),wdr-5.1(lf), and ash-2(lf) germlines compared toWT. p value (hypergeometric test) shows significant difference between observed and
expected number of genes. ns, no significant difference.
(E) Percentage of set-2(lf), wdr-5.1(lf), and ash-2(lf) upregulated genes expressed in somatic tissues.
See also Figure S1 and Tables S1, S2, and S3.methyltransferase activity is mostly intact (Xiao et al., 2011) and
which do not show a Mrt phenotype. In addition, quantitative
RT-PCR (qRT-PCR) analysis on dissected gonads showed
that, for a set of somatic genes encoding homeodomain tran-
scription factors involved in terminal differentiation of neuronalCcell fate (ceh-2, ceh-20, and ceh-43; Aspo¨ck et al., 2003; Doitsi-
dou et al., 2013), germline misexpression increased over gener-
ations at 25C (Figure 2E). This increase was not observed with
other genes such as haf-9, associated with intestinal differentia-
tion, showing that it is not a general phenomenon. Importantly,ell Reports 9, 443–450, October 23, 2014 ª2014 The Authors 445
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Figure 2. set-2 and wdr-5.1 Mutant Germlines Transdifferentiate into Somatic Tissues
(A) Differential interference contrast images of germline nuclei from wild-type (WT) and set-2(lf) animals grown at 25C. Black arrows indicate normal nuclei, and
white arrows indicate abnormal nuclei.
(B) P granule distribution in dissected germlines of WT and set-2(lf) animals grown at 25C for one or five generations. A zoom of the boxed in region, including
DAPI staining, is shown in the panels on the right.
(C) Confocal images of unc-119::GFP expression in the germline of a WT and a set-2(lf) animal grown at 25C for five generations. The white arrowhead indicates
the vulva, and the asterisk (*) indicates the distal end of the gonad. The small panel is a zoom of the boxed in region, showing dendritic-like projections
(white arrows).
(D) unc-119::GFP and UNC-120 expression in the germline of set-2(lf) animals grown at 15C or 25C for four generations.
(E) Quantitative PCR analysis of selected somatic genes in the germline of WT animals and set-2(lf) animals grown at 25C for several generations. Transcript
expression was normalized to cdc-42 and hexokinase (H25P06.1). Error bars indicate SD. ****p < 0.0001, ***p < 0.001, **p < 0.01, and *p < 0.05.
See also Figure S2 and Table S4.ash-2mutant germlines failed to show transdifferentiation, either
at 25C, when animals are sterile, or after more than ten genera-
tions at the semipermissive temperature of 22C (Table S4).
Therefore, SET-2 and WDR-5.1 play distinct roles from ASH-2
in preserving germline identity and immortality.
Germline Transdifferentation in the Absence of set-2 Is
Associated with a Global Decrease in H3K9 Methylation
Because histone-modifying enzymes undergo extensive cross-
talk (Suganuma and Workman, 2011), we tested whether misex-446 Cell Reports 9, 443–450, October 23, 2014 ª2014 The Authorspression of somatic genes following set-2 inactivation and loss
of H3K4 methylation may at least partly reflect changes in the
abundance or localization of repressive chromatin marks. Immu-
nostaining experiments showed that H3K9me3 significantly de-
creases in set-2(lf) germlines (Figure 3). This decrease does not
appear to be due to obvious changes in the expression of
H3K9-modifying enzymes (Table S1), suggesting that a global
decrease and/or redistribution of this repressive mark may
contribute to the ectopic expression of somatic genes following
H3K4me3 depletion. Additional immunostaining experiments
Table 1. unc-119::GFP Transgenerational Expression in the
Germline of Wild-Type, Mutant, and RNAi Animals
F1 (%) F2 (%) F3 (%) F4 (%)
WT 0/114 (0) 0/126 (0) 0/60 (0) 0/24 (0)
set-2(bn129) 14/188 (7.5) 8/88 (9) 15/32 (47) NT
set-2(ok952) 0/80 (0) 0/88 (0) 1/62 (1.6) 0/18 (0)
wdr-5.1 2/80 (2.5) 3/88 (3.4) 5/62 (8) 4/10 (40)
F1 (%) F2 (%) F3 (%)
WT empty vector 0/24 (0) 0/34 (0) 0/24 (0)
WT hrde-1(RNAi) 0/24 (0) 0/24(0) 0/28 (0)
WT nrde-4(RNAi) 0/20 (0) 0/26 (0) 0/28 (0)
set-2(bn129) empty vector 0/30 (0) 0/20 (0) 9/20 (45)
set-2(bn129) hrde-1(RNAi) 14/28 (50) NT NT
wdr-5.1 empty vector 0/20 (0) 3/46 (6.5) 8/20 (40)
wdr-5.1 hrde-1(RNAi) 0/62 (0) 22/64 (34.4) 16/20 (80)
wdr-5.1 nrde-4(RNAi) 0/40 (0) 6/20 (30) NT
WT, wild-type; NT, not tested because of sterility.
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Figure 3. H3K9me3 Immunostaining in Wild-Type and set-2 Mutant
Germlines
All images were acquired using the same exposure settings.
(A) General view of wild-type (WT) and set-2(lf) germlines stained with an anti
H3K9me3 antibody. Scale bars, 20 mm. Asterisk (*) indicates the distal end of
the gonad.
(B) Zoom of mitotic and meiotic (pachytene) regions indicated in (A). Scale
bars,5 mm.
(C) Quantification of the H3K9me3 signal in the regions shown in (B).
****p < 0.0001.
See also Figure S3.showed that, in contrast to H3K9me3, H3K27me3 increased
in set-2(lf) germlines (Figure S3A). Therefore, in the absence of
H3K4me3, germline transdifferentiation occurs in a strongly
disorganized epigenetic landscape.
SET-2 andWDR-5.1 Act in Parallel with theHRDE-1RNAi
Pathway to Maintain Germline Cell Fate
Mutations in components of the germline nuclear RNAi pathway,
including the Argonaute gene hrde-1, also result in a tempera-
ture-sensitive Mrt germline phenotype (Buckley et al., 2012),
suggesting that set-2, wdr-5.1, and nuclear RNAi may regulate
germline immortality through similar mechanisms. At 25C,
hrde-1 germ cells lost their typical morphology (Figure 4A) and
expressed unc-119::GFP (3/14 gonad arms in F2 and 6/24
gonad arms in F3; Figure 4B), showing that HRDE-1 is also
required for the maintenance of germline identity. HRDE-1 asso-
ciates with endogenously expressed short interfering RNAs to
direct transcriptional silencing of target genes in germ cells
(Buckley et al., 2012). Genes upregulated in set-2 and wdr-5.1,
but not ash-2, mutant germlines were significantly enriched in
HRDE-1 targets (Figure 4C), suggesting that HRDE-1, SET-2,
and WDR-5.1 may control germline cell fate by converging on
a common set of genes through the same or independent
pathways. To distinguish between these possibilities, we used
RNAi to inactivate hrde-1 in either set-2 or wdr-5.1 mutant ani-
mals carrying the unc-119::GFP transgene. Both sterility and
transdifferentiation phenotypes appeared at earlier generations
following hrde-1(RNAi) in either set-2 orwdr-5.1mutant contexts
compared to non-RNAi-treated controls (Figure 4D; Table 1).
Similar observations were made when nrde-4, an additional
component of nuclear RNAi, was inactivated in wdr-5.1 mutant
animals. Altogether, these data are consistent with SET-2/
WDR-5.1 and HRDE-1/NRDE-4 acting in independent, parallel
pathways to preserve germline identity, at least partly through
the repression of a common set of target genes. Consistent
with HRDE-1 contributing to the epigenetic landscape that main-
tains germline identity, immunostaining showed that H3K9me3Cdecreases (Figure S3B) while H3K27me3 increases (Figure S3A)
in hrde-1 mutant germlines.
DISCUSSION
Maintenance of germ cell totipotency is critical for germline iden-
tity and relies on the activity of several mechanisms, including
epigenetic regulation (Apostolou and Hochedlinger, 2013). In
C. elegans, translational regulation was first shown to play an
essential role in repressing somatic differentiation and maintain-
ing germline pluripotency (Ciosk et al., 2006). More recently,
germline P granules were also shown to be required for this pro-
cess (Updike et al., 2014). However, SET-2 and WDR-5.1 are
unlikely to induce germline transdifferentiation through P granule
misregulation, since genes involved in the formation or regulation
of P granules were absent from our microarray analysis. Rather,
loss of P granules is likely to be a consequence of the loss of
germline identity in set-2 and wdr-5.1 mutant germlines.ell Reports 9, 443–450, October 23, 2014 ª2014 The Authors 447
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A Figure 4. hrde-1, set-2, and wdr-5.1 Act in
Parallel to Repress Somatic Gene Expres-
sion and Maintain Germ Cell Identity
(A) Abnormal nuclei in the gonad of an hrde-1(lf)
animal grown at 25C. Black arrows indicate
normal nuclei, and white arrows indicate abnormal
nuclei.
(B) unc-119::GFP expression in the germline of an
hrde-1(lf) animal grown at 25C. White arrowhead
indicates the vulva, and the asterisk (*) indicates
the distal end of the gonad.
(C) Observed and expected number of genes both
upregulated in the absence of set-2, wdr-5.1, or
ash-2 and targeted by HRDE-1-bound 22G-RNAs.
p values (hypergeometric test) show there is a
significant difference between observed and ex-
pected number of genes; ns, no significant differ-
ence.
(D) Mortal germline assay. At each generation, WT,
set-2(lf), or wdr-5.1(lf) animals were transferred on
RNAi control (empty vector) or hrde-1 RNAi plates
and scored for fertility. Ten to 25 plates were
counted per condition.Chromatin regulation was first implicated in maintaining germ
cell identity by studies in which conversion of germ cells into
somatic cells was observed following forced expression of tran-
scription factors in animals lacking PRC2 (Patel et al., 2012; Tur-
sun et al., 2011) or in the context of highly disorganized germlines
following simultaneous inactivation of the spr-5 histone deme-
thylase and the let-418 nucleosome remodeling factor (Ka¨ser-
Pe´bernard et al., 2014). Here, we have shown that the single
inactivation of either set-2 or wdr-5.1 is sufficient to drive spon-
taneous transdifferentiation, without requiring additional factors.
Depletion of Wdr5 results in differentiation of embryonic stem
cells (Ang et al., 2011), while in Drosophila germlines, depletion
of Set1 results in defects in stem cell maintenance and differen-
tiation (Yan et al., 2014). Together, these data suggest that
H3K4 methylation and SET1/MLL complexes may be part of a
conserved cellular machinery involved in preserving stem cell
pluripotency.
Absence of transdifferentiation in ash-2(lf) mutants suggests
that germline to soma conversion may require expression of
a specific subset of somatic genes in addition to global loss
of H3K4 methylation and downregulation of germline genes,
as observed in set-2 and wdr-5.1, but not ash-2, mutant
germlines. The appearance of transdifferentiated cells also
correlates with loss of germline immortality, both becoming
apparent after several generations and favored by higher tem-
peratures. This suggests that expression of somatic genes and
acquisition of somatic cell fate may require a threshold effect
of accumulated chromatin changes over time and/or stochas-
tic events at the single-cell level, whose frequency may in-
crease at higher temperatures or over generations. Likewise,
reprogramming of somatic cells is highly dependent on sto-
chastic epigenetic events (Hanna et al., 2009; Yamanaka,
2009).448 Cell Reports 9, 443–450, October 23, 2014 ª2014 The AuthorsH3K4 methylation may directly repress expression of somatic
genes in the germline (Pinskaya and Morillon, 2009; Shi et al.,
2006). In addition, or alternatively, loss of SET-2 mediated
H3K4 methylation in this tissue may be accompanied by a
decrease and/or redistribution of repressive H3K9 methylation,
indirectly resulting in derepression of somatic genes. Interde-
pendence between H3K4me3 and H3K9me3 is observed
across species (Binda et al., 2010; Di Stefano et al., 2011). We
have shown that the nuclear RNAi pathway including HRDE-1
acts in parallel with SET-2 and WDR-5.1 to maintain germline
immortality and totipotency. Argonaute proteins have also
been implicated in the regulation of stem cell identity in
Drosophila (Jones, 2001) and zebrafish (Houwing et al., 2007).
Altogether, these results emphasize the existence of multiple
chromatin-based mechanisms converging to maintain germline
identity and immortality.
EXPERIMENTAL PROCEDURES
Strains and Maintenance
Nematode strain maintenance was as described previously (Brenner, 1974).
Strains used in this study are detailed in the Supplemental Experimental
Procedures.
Microarray Analysis
One hundred gonad arms were dissected from wild-type and mutant animals
grown at 20C. Three independent biological replicas were used for each con-
dition. RNA was extracted and amplified as described in the Supplemental
Experimental Procedures and hybridized by the ProfileXpert facility (University
Claude Bernard, Lyon, France) on a C. elegans (V2) Gene Expression Microar-
ray 4x44K from Agilent Technologies containing 43,800 probes. Microarray
normalization and analysis were performed with Bioconductor tools (http://
www.bioconductor.org) and custom scripts using R statistical programming
language. Statistical analysis for misexpression was performed using a
moderated t test from the package limma (Smyth et al., 2005). All genes with
a false discovery rate (FDR) of %5% (p % 0.05) were selected for further
analysis.
qRT-PCR
RNA was reverse transcribed with the iScript cDNA synthesis kit (Bio-Rad).
Quantitative PCR (qPCR) analysis was performed on RotorGene with Quanti-
Fast SYBR green RT-PCR (QIAGEN). Transcript expression was normalized to
cdc-42 and hexokinase (H25P06.1). qRT-PCRs were performed three times in
technical duplicates on two independent biological samples. Statistical anal-
ysis was performed using an unpaired t test.
Immunostaining Experiments
Germlines from young adult worms were dissected and freeze cracked
(Strome and Wood, 1982). A detailed protocol, including antibodies used,
can be found in the Supplemental Experimental Procedures. Confocal images
were acquired using a Leica SP5 spectral confocal microscope.
RNAi
RNAi experiments were as previously described (Kamath and Ahringer, 2003).
Mortal Germline Assay
For mortal germline assays, six L3–L4 animals were transferred on fresh plates
at each generation and the total number of progeny scored. A line was consid-
ered sterile when fewer than ten progeny per animals were counted. Depend-
ing on the experiment, 10–25 plates were scored.
ACCESSION NUMBERS
Microarray data have been deposited in the NCBI Gene Expression Omnibus
under accession number GSE61094.
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Supplemental Information includes Supplemental Experimental Procedures,
three figures, and four tables and can be found with this article online at
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